We analyze the chargino contributions to the CP violating ratio ǫ ′ /ǫ in the left-right supersymmetric model. We study the possibility that these contributions alone can saturate the experimental value of ǫ ′ /ǫ. We derive conservative bounds on supersymmetric flavor violation parameters in the up squark LL, RR, LR and RL sectors, using the mass insertion approximation. While the LL bounds are found to be consistent with the MSSM values, the LR constraints are new and much stronger.
Introduction
CP violation is still a basic problem to answer in particle theory and a good probe of new physics beyond the Standard Model (SM). CP violation was first discovered in the kaon system [1] , and recently confirmed in the B-system [2, 3] , where assumptions about the gauge structure would be verified. There are two CP violation parameters in the kaon system: the indirect CP violation parameter ǫ, which follows from the mass eigenstates of K 0 and K 0 and is given by the imaginary parts of the diagrams leading to the mass difference ∆M K , and the direct CP violation parameter ǫ ′ , which describes the decay of
The direct CP violation had been confirmed by [4] , the world average value for the CP violating ratio ǫ ′ /ǫ is [5] Re(ǫ ′ /ǫ) = 1.8 ± 0.4 × 10 −3 .
Even there are large theoretical uncertainties and experimental errors associated with it , ǫ ′ /ǫ can put stringent constraints on extensions of the SM, as for instance general supersymmetric models [6] , models with anomalous gauge couplings [7] , four-generation models [8] and models with additional fermions and gauge bosons [9] .
In Ref. [10] we studied ∆S = 2 processes in the kaon system and evaluated ∆M K and ǫ in the left-right supersymmetric model (LRSUSY) as a scenario for new physics.
In this paper we extend the analysis to ∆S = 1 processes and put more constraints on the LRSUSY parameter space and CP violation by calculating ǫ ′ /ǫ.
There are two kinds of diagrams leading to ∆S = 1 processes: box and penguin diagrams. (As opposed to ∆S = 2 processes, which are mediated by box diagrams alone.)
The exchange particles in general supersymmetric models can be gluinos, neutralinos and charginos. The gluino contributions have been studied widely in literature [11] , while chargino contributions have not received much attention, mainly due to its strong model-dependence [12] . The gluino and neutralino contributions put constraints on squark mixings in the down sector; there gluino contributions are dominant and therefore the bounds are sensitive to the QCD sector in the model. Studying the chargino contributions would constrain the mixing in the up squark sector, independent of the down sector, and thus test models with different electroweak symmetries than the MSSM, in particular the LRSUSY. This is the goal of the present article.
Our paper is organized as follows: in section II, after a short description of the model, we give complete analytical results for the chargino contributions to ǫ ′ /ǫ. We follow by presenting numerical analysis in section III. We reach our conclusions in section IV, and in the appendix we give a summary of the chargino mixing in the LRSUSY, as well as the loop and vertex functions used, for self-sufficiency of the paper.
2 The analytic formulas
Effective Hamiltonian for ∆S = 1 processes in the LRSUSY
The left-right extension to the supersymmetric standard model is based on the gauge 
In addition, flavor and CP violating effects arise from the the soft supersymmetry breaking terms
We parameterize all the unknown soft breaking parameters coming mostly from the scalar mass matrices using the mass insertion approximation [14] . We choose a basis for fermion and sfermion states in which all the couplings of these particles to neutral gauginos are flavor diagonal and parameterize flavor changes in the non-diagonal squark propagators through mixing parameters (δ q ij ) AB , where i, j = 1, 2, 3 and A, B = L, R.
The dimensionless flavor mixing parameters used are
where m 2 q is the average squark mass and (m 2 q,ij ) AB are the off-diagonal elements which mix squark flavors for both left-and right-handed squarks with q = u, d.
The contributions to ∆S = 1 processes are given by the effective Hamiltonian
where the relevant operators entering the sum are
where q R,L = P R,L q with P R,L = (1 ± γ 5 )/2, and α, β are color indices. The operatorsQ i are obtained from Q i by the exchange L ↔ R. Because of the left-right symmetry, we must consider all contributions from both chirality operators. We neglect the higgsino couplings (proportional to m s or m d ) and include single mass insertion only. To this order, the contributions are
with 
There is no chargino box contribution to C 3 and C 6 because of the color structure. Similarly, there is no photon and Z L penguin contribution to C 4 and C 6 . The photon penguin gives zero contribution to C 3 and C 5 after the sum over quarks.
Similarly, the Z L penguin gives zero contribution to C 5 . We neglect contributions from the Z R penguin since they are smaller by m 
Hadronic Matrix Elements
We list here for completeness the relevant matrix elements of operators, which can be found in Ref. [15] (ππ) I=0 |Q 3 |K = X 3 ,
where
From Ref. [16] , (ππ) I=0,2 |Q 7 |K is proportional to the photon condensate, thus it must be very small and negligible. Accordingly the contribution to ǫ ′ of C γ−penguin 7
can be neglected. The matrix elements of the operatorsQ i can be obtained by multiplying the corresponding matrix elements of Q i by (−1).
Putting all the above together, we can calculate the CP violating ratio ǫ
where ω = ReA 2 /ReA 0 and the amplitudes are defined as
with the isospin of the final two-pion state I = 0, 2, and δ I 's are strong phases induced by final state interactions, δ 2 − δ 0 is close to π/4.
Numerical Analysis
In this section we present the results of our analysis for the individual bounds on (δ We choose all trilinear scalar couplings in the soft supersymmetry breaking Lagrangian to be universal: A ij = Aδ ij and µ ij = µδ ij , and we fix A to be 100 GeV, the higgsino mixing parameter µ = 200 GeV, and tan β = 5 throughout the analysis. We also demand that the chargino masses satisfy the current experimental bounds.
The bounds on (δ u 12 ) LL are presented in Table 1 . From Eq. 8, the box, gluon-penguin and photon-penguin contributions are proportional to 1/m Table 2 . These bounds come from the gluon and photon penguins; as before we would obtain approximately the same bounds on 
Conclusions
We have studied the chargino contributions to the CP violating ratio ǫ ′ /ǫ in the LRSUSY.
Assuming the CP violation to arise from the supersymmetric contributions only, we 
Appendix
For self-sufficiency, we list the mass-squared matrices for charginos and neutralinos, relevant Feynman rules and functions used for this calculation.
The terms relevant to the masses of charginos in the Lagrangian are
where ψ + = (−iλ
T , and
where we have taken, for simplification, µ ij = µδ ij . The chargino mass eigenstatesχ i are obtained byχ
with V and U unitary matrices satisfying
The diagonalizing matrices U * and V are obtained by computing the eigenvectors corresponding to the eigenvalues of X † X and XX † , respectively.
The vertices of Z L -chargino-chargino are given by
The relevant functions are listed in the following B
χ − (x, y) = 1 8(x − y) −3x 2 + 4x − 1 + 2x 2 log x (x − 1) 3 − (x → y) ,
